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We report on a search for the pair production of second generation scalar leptoquarks (LQ 2) in 
pp  collisions at the center-of-mass energy *Js =  1.96 TeV, using d a ta  corresponding to  an integrated 
luminosity of 294 ±  19 pb - 1  recorded w ith the D 0  detector. No evidence for a leptoquark signal 
in the L Q 2 L Q 2 —»■ ßqßq channel has been observed, and upper bounds on the product of cross 
section tim es branching fraction were set. This yields lower mass limits of m LQ2 >  247 GeV for 
ß  =  B (L Q 2 ^  yq) =  1 and m LQ2 >  182 GeV for ß  =  1/2. Combining these limits w ith previous D 0  
results, the lower limits on the mass of a second generation scalar leptoquark are m LQ2 >  251 GeV 
and m LQ2 >  204 GeV for ß  =  1 and ß  =  1/2, respectively.
PACS numbers: 14.80.-j,13.85.Rm
4L ep to q u ark s, colored  bosons w hich c a rry  b o th  lep to n  
(l) an d  q u a rk  (q) q u a n tu m  num bers an d  th ird -in te g e r  
e lectric  charge, a p p e a r  in  several ex tensions of th e  s ta n ­
d a rd  m odel o f p a rtic le  physics [1]. L ep to q u ark s  could, in 
p rincip le, decay  in to  an y  com b in atio n  of a le p to n  an d  a 
q u ark . E x p e rim e n ta l lim its  on  lep to n  nu m b er v io la tion , 
on  flavor-changing  n e u tra l cu rren ts , an d  on p ro to n  de­
cay, how ever, m o tiv a te  th e  assu m p tio n  th a t  th e re  w ould 
be th re e  d ifferent gen e ra tio n s of le p to q u ark s. E ach  of 
these  le p to q u a rk  gen e ra tio n s couples to  on ly  one gener­
a tio n  of q u ark s an d  lep tons, and , therefo re , conserves 
th e  co rrespond ing  le p to n  an d  q u a rk  fam ily  n u m b ers  [2 ]. 
As a  consequence, le p to q u a rk  m asses could  be as low as 
O (lO O G eV ), allow ing th e  p ro d u c tio n  of le p to q u ark s  in 
reach  of p resen t collider experim en ts.
A t th e  T eva tron  collider, le p to q u ark s  w ould  be p ro ­
duced  in  pa irs , p r im a rily  th ro u g h  qq an n ih ila tio n  an d  
g luon  fusion. T hese p ro d u c tio n  m echanism s w ould be 
in d ep en d en t o f th e  unknow n coupling  A betw een  th e  lep- 
to q u a rk , th e  lep ton , an d  th e  quark .
T h is analysis focuses on th e  search  for p a ir-p ro d u ced  
second g en e ra tio n  scala r lep to q u a rk s  (L Q 2) in  pp  col­
lisions a t  a /s  =  1.96 TeV. A ssum ing 100% b ran c h ­
ing frac tion  to  a  charged  le p to n  an d  a quark , 3  =  
B { L Q 2 —>■ ¡iq) =  1 , a  p a ir  o f second  g en e ra tio n  lep to ­
q uarks, L Q 2 L Q 2 , decays in to  tw o m uons an d  tw o quarks. 
T h is  decay  will have no m issing tran sv e rse  energy. For 
3  =  1 /2 , th e  sam e final s ta te  is p ro d u ced  25% of th e  
tim e. T h e  D 0  co llab o ra tio n  pub lished  95% confidence 
level (C .L .) m ass lim its  for second g en e ra tio n  sca la r lep­
to q u a rk s  of m LQ2 >  200 G eV  (180 G eV ) for 3  = 1  (1 /2 ) 
a t  a /s  =  1.8 TeV, using  94 p b - 1  o f R u n  I T eva tron  d a ta  
[3]. R ecent C D F  analyses of d im uon  +  je t  an d  single 
m uon  +  je t  R u n  II T eva tron  d a ta  give m LQ2 >  226 G eV  
(208 G eV ) for 3  = 1  (1 /2 ), d e te rm in ed  from  1 9 8 p b -1  of 
d a ta  [4].
T h e  D 0  R u n  II d e tec to r  [5] is com posed  of several lay­
ered  elem ents. N earest th e  b ea m  is a  cen tra l track in g  sys­
te m  consisting  of a silicon m ic ro strip  trac k er (SM T) an d  
a ce n tra l fiber trac k er (C F T ), b o th  lo c a te d  w ith in  a 2 T  
su p e rco n d u c tin g  so lenoidal m ag n et. M uon m o m en ta  are 
m easu red  from  th e  cu rv a tu re  of m uon trac k s  in  th e  cen­
tr a l  trac k in g  system . J e ts  a re  rec o n s tru c te d  from  energy  
depositions in  th e  th ree  liq u id -a rg o n /u ra n iu m  calorim e­
te rs  o u ts ide  th e  trac k in g  system : a  ce n tra l section  (CC) 
covering u p  to  |n| «  1.1 an d  tw o end  ca lo rim eters  (EC ) 
ex ten d in g  coverage to  |n| «  4, all housed  in  se p a ra te  
cry o sta ts , w here r¡ =  — In ( ta n  | )  deno tes th e  p seu d o ra ­
p id ity  an d  0  is th e  p o la r  angle w ith  resp ec t to  th e  p ro ­
to n  b eam  d irec tion . S c in tilla to rs  lo ca ted  betw een  th e  CC 
an d  E C  c ry o sta ts  p rov ide sam pling  of h a d ro n  show ers for 
1.1 <  |n| <  1.4. A m uon system  beyond  th e  calorim e­
te rs  consists o f a layer o f d r if t- tu b e  track in g  d e tec to rs  and  
sc in tilla tio n  tr ig g e r coun ters  before 1. 8  T  iro n  to ro id s, fol­
lowed by  tw o ad d itio n a l sim ilar layers a fte r th e  to ro id s  
[6].
T h e  d a ta  used  in  th is  analysis w ere collected  du rin g  
R u n  II of th e  F erm ilab  T eva tron  collider betw een  A ugust
2002 a n d  Ju ly  2004 an d  co rresp o n d  to  an  in te g ra te d  lum i­
n o sity  of 294 ±  19 p b - 1 . T h e  sam ple of ca n d id a te  events 
used  in  th is  search  w as co llected  w ith  a  se t o f triggers 
th a t  req u ired  e ith e r  one or tw o m uon  ca n d id a te s  in  th e  
m uon  system . T h e  tr ig g e r efficiency for th e  events 
considered  in  th is  ana lysis  w as m easu red  to  be (8 9 ±  3)%.
M uons in  th e  region |n| <  1.9 w ere rec o n s tru c te d  offline 
from  h its  in  th e  th re e  layers o f th e  m uon sy stem  w hich 
w ere m a tch ed  to  iso la ted  trac k s  in  th e  ce n tra l track in g  
sy stem  to  rem ove th e  back g ro u n d  from  h eav y -q u ark  p ro ­
duction . T h is m uon iso la tion  w as assu red  by  requ iring  
th e  su m  of th e  tran sv e rse  m o m en ta  of all o th e r  trac k s  in 
a  A H  =  y/{A4>Y  +  (Ar])2 < 0.5 cone a ro u n d  th e  m uon 
to  be sm aller th a n  4 G eV, w here ^  is th e  az im u th a l angle 
a ro u n d  th e  d irec tio n  of th e  inc iden t beam . C osm ic ray  
m uons were re jec ted  by  cu ts  on  th e  tim in g  in  th e  m uon 
sc in tilla to rs  an d  by  rem oving  back -to -back  m uons. Je ts  
w ere rec o n s tru c te d  using  th e  ite ra tiv e , m id p o in t cone al­
g o rith m  [7] w ith  a cone size of A R  =  0.5. T h e  je t  energies 
w ere ca lib ra te d  as a function  of th e  je t  tran sv e rse  energy  
an d  n by  b a lan c in g  th e  tran sv e rse  energy  in  p h o to n  p lus 
je t  events. R equ iring  |n| <  2.4 for all je ts  rem oves th e  
Q C D  back g ro u n d  from  events w ith  je ts  a t  very  sm all an ­
gles to  th e  b eam  d irec tio n  and , therefo re , w ith  large cross 
sections.
T h e  b ack g ro u n d  is d o m in a te d  by  th e  D rell-Y an (DY) 
events in  th e  channel Z / 7 * ^  (+ je ts ) . Q C D  m u ltije t 
events faking m uons are  supp ressed  by  th e  iso la tion  re­
q u irem en t an d  th e  th ick  sh ie ld ing  of th e  m uon  de tec to rs . 
To ev a lu a te  th e  co n trib u tio n  from  D Y  background , sam ­
ples o f M onte C arlo  (M C) events w ere g en e ra te d  w ith  
PYTHIA [8 ]. T h e  nu m b er of PYTHIA events w as n o rm al­
ized to  y ield  th e  p red ic ted  n ex t-to -n e x t-to -lead in g  o rder 
(N N LO ) cross section  [9] a t  th e  Z -b o so n  resonance. T h e  
events w ere fu rth e rm o re  rew eighted  as a  function  of th e  
d im uon  m ass in  o rd er to  describe  th e  N N LO  p red ic tio n  
for th e  d ifferen tia l cross section  d<r/dm MM [9]. A n ad d i­
tio n a l sam ple, g en e ra te d  w ith  ALPGEN [10] an d  based  
on a m a trix -e lem en t ca lcu la tio n  for Z j j ,  w as used  to  
te s t sy s tem a tic  u n ce rta in tie s  due to  th e  sh ap e  of th e  
je t  tran sv e rse  energy  d is trib u tio n . S am ples of PYTHIA 
t t  (m t =  175 G eV ) an d  W W  sam ples w ere used  to  es ti­
m a te  th e  back g ro u n d  co n trib u tio n s  from  to p  q u a rk  an d  
W  boson  p a ir  p ro d u c tio n . T h e  signal efficiencies were 
ca lcu la ted  using  sam ples of L Q 2 L Q 2 —>■ nq/iq  even ts sim ­
u la te d  w ith  PYTHIA for le p to q u a rk  m asses from  140 G eV  
to  300 G eV  in  s tep s  of 20 G eV . All M onte C arlo  events 
w ere g en e ra te d  using  C T E Q 5 L  [11] p a r to n  d is trib u tio n  
functions (P D F s) an d  p rocessed  using  a  full s im u la tion  
of th e  D 0  d e tec to r  based  on  GEANT [12] an d  th e  D 0  
event rec o n stru c tio n  [5].
Offline, events w ere req u ired  to  have tw o m uons w ith  
tran sv e rse  m o m en ta  p T exceeding 15 G eV  an d  a t  least 
tw o je ts  w ith  tran sv e rse  energies E T g rea te r  th a n  25 GeV. 
T h e  m o m en tu m  reso lu tion  deg rades w ith  increasing  p T , 
an d  hence th e  reso lu tio n  on  th e  d im uon  m ass m ( ^ )  
w ith  increasing  m ( ^ ) .  T herefore, in  o rd er to  reduce 
th e  D Y  back g ro u n d  a t  h igh  m ( ^ )  an d  to  accoun t for
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FIG. 1: Scalar sum of the transverse energies, ST , as a function of the dimuon mass: a) for the SM background, b) for 
leptoquark signal w ith mass m LQ2 =  240 GeV and 0  =  1, and c) for d a ta  (the six events surviving the Z  boson veto are 
highlighted). The vertical line illustrates the Z  boson veto and the curved lines show the boundaries between the signal bins 
(see tex t for definition). The distributions shown in a) and b) are normalized to  the integrated luminosity.
m uon  trac k s  w ith  large m o m en tu m  un certa in ty , correc­
tio n s were app lied  to  th e  m uon  m o m en ta  by  ta k in g  ad ­
van tag e  of th e  fact th a t  no  m issing tran sv e rse  energy  
is ex p ected  in  e ith e r  signal o r DY events. T h e  m issing 
tran sv e rse  energy  ET w as e s tim a te d  from  th e  tran sv e rse  
energy  ba lance  of all m uons an d  je ts  (E T >  20 GeV) 
in  th e  event. T h e  m o m en tu m  of th e  m uon  m ost op­
po site  to  th e  ET d irec tio n  in  th e  r - ^  p lane  (i.e. in  th e  
p lane  p e rp e n d icu la r  to  th e  inc iden t beam ) w as rescaled  
such th a t  th e  com p o n en t o f th e  m issing tran sv e rse  en­
ergy  p ara lle l to  th e  m uon  vanished. T h is  co rrec tion  
supp ressed  th e  co n trib u tio n  from  Z  boson  events mis- 
rec o n stru c te d  in  th e  h igh  m ass region w here th e  search  
for lep to q u a rk s  to o k  place. To fu rth e r  reduce th e  back­
g ro u n d  from  DY events a Z  boson  veto  c u t (d im uon m ass 
m ( ^ )  >  105 G eV ) w as applied . Six events surv ive th is  
la s t cu t, w hile 6 . 8  ±  2 . 0  even ts are ex p ected  from  s ta n ­
d a rd  m odel backg rounds, w hich m a in ly  consists o f DY 
(6.1 ±  2.0) an d  t t  (0.69 ±  0.07).
T h e  rem ain in g  events a fte r th e  Z  boson  veto  c u t were 
a rran g e d  in  four bins. Second g en e ra tio n  le p to q u a rk  
events a re  ex p ected  to  have b o th  h igh  d im uon  m asses 
an d  large values of S T , w hich is th e  sca la r su m  of th e  
tran sv e rse  energies of th e  tw o h ighest-pT m uons an d  th e  
tw o h ig h e s t-E t  je ts  in  th e  event, as can  be seen in  F ig. 
1b) for a le p to q u a rk  m ass of 240 G eV . T h e  se p a ra tio n  
betw een  b in  i an d  b in  i — 1, i G {1, 2, 3}, is defined as: 
S t  > ~  2 5 0  G e V ) 2 +  1 8 0  G eV  +  * '7 0  G eV - 
T h is  b inn ing , w hich effectively resu lts  in  b ins in  th e  o rder 
o f increasing  S /B ,  is i l lu s tra te d  by  th e  cu rved  lines in 
F ig . 1 for th e  ex p ected  s ta n d a rd  m odel backgrounds, an  
exam ple  L Q 2 signal, an d  for th e  d a ta . T h e  nu m b er of 
events in  th e  four signal b ins is show n in  F ig . 2 .
T able I sum m arizes th e  efficiencies for various lepto- 
q u a rk  m asses, as well as th e  n u m b ers  of ex p ected  back­
g ro u n d  events an d  th e  d is tr ib u tio n  of th e  d a ta  in  th e  four 
signal bins. T h e  signal efficiency increases w ith  m ass,
FIG. 2: D istribution of events over the four bins as definedin 
the tex t for a scalar leptoquark w ith mass m LQ2 =  240 GeV 
and ß  =  1 .
because for la rg e r le p to q u a rk  m asses, th e  decay  p ro d ­
u c ts  have la rg e r m o m en ta  y ield ing events w ith  la rger S T . 
T h e  d o m in a n t u n c e r ta in ty  on  th e  p red ic ted  nu m b er of 
back g ro u n d  events is due to  M C s ta tis tic s  an d  varies 
betw een  7% an d  25% for th e  four signal bins. O th e r  
co n trib u tio n s  arise from  th e  je t-en e rg y  ca lib ra tio n  un ce r­
ta in ty  (2 % -  1 2 %) an d  th e  u n c e r ta in ty  in  th e  sh ap e  of 
th e  je t  tran sv e rse  energy  d is tr ib u tio n  (2 0 % ), w hich has 
been  e s tim a ted  by  a com parison  of th e  PYTHIA an d  ALP­
GEN sim ulations. T h e  je t  m u ltip lic ity  in  D Y  events gen­
e ra te d  w ith  PYTHIA, w hich is a  lead ing -o rder g en era to r, 
w as co rrec ted  in  o rd er to  reflect th e  m u ltip lic ity  d is tr ib u ­
tio n  observed  in  th e  d a ta  a ro u n d  th e  Z  boson. T h is was 
accom plished  b y  com paring  exp o n en tia l fits to  th e  inclu­
sive je t  m u ltip lic ity  d is tr ib u tio n  in  d a ta  an d  M onte C arlo . 
T h e  fit is d o m in a te d  by  th e  zero  an d  one je t  bins. T h e  re­
m ain ing  difference in  th e  tw o je t  b in  betw een  ^ j ^ j  events 
in  d a ta  an d  in  th e  PYTHIA M onte C arlo  in  th e  v ic in ity  of 
th e  Z  boson  resonance, 60 G eV  <  m ( ^ )  <  105 G eV, was 
ta k e n  as th e  co rrespond ing  sy s tem a tic  u n c e r ta in ty  (16%). 
In  ad d itio n , th e  following sources of sy s tem a tic  un ce r­
6TABLE I: Signal efficiency (e) for various scalar leptoquark masses, num ber of expected background events (N^gd), and the 
num ber of d a ta  events (Ndata)•
Cut >  105 GeV Bin 0 Bin 1 Bin 2 Bin 3
e(m LQ2 =  140 GeV) 0.139 ± 0 .013 0.041 ±  0.004 0.036 ±  0.004 0.025 ±  0.003 0.038 ±  0.005
£ ( to lq 2 =  160 GeV) 0.174 ±  0.016 0.026 ±  0.004 0.042 ±  0.004 0.040 ±  0.005 0.067 ±  0.008
e{m,LQ2 =  180 GeV) 0.197 ±  0.018 0.017 ±  0.002 0.038 ±  0.004 0.049 ±  0.005 0.093 ±  0.011
£ ( to lq 2 =  200 GeV) 0.215 ±  0.019 0.009 ±  0.002 0.026 ±  0.004 0.047 ±  0.005 0.133 ±  0.015
e(m,LQ2 =  220 GeV) 0.223 ±  0.020 0.005 ±  0.001 0.016 ±  0.003 0.039 ±  0.005 0.163 ±  0.017
£ ( to lq 2 =  240 GeV) 0.243 ±  0.021 0.005 ±  0.001 0.013 ±  0.002 0.032 ±  0.004 0.193 ±  0.018
£ ( to lq 2 =  260 GeV) 0.251 ±  0.022 0.004 ±  0.001 0.009 ±  0.002 0.025 ±  0.004 0.212 ±  0.019
£(m LQ2 =  280 GeV) 0.256 ±  0.022 0.003 ±  0.001 0.006 ±  0 .0 0 1 0.018 ±  0.003 0.229 ±  0.020
£(m LQ2 =  300 GeV) 0.263 ± 0 .023 0.004 ±  0.001 0.004 ±  0.001 0.013 ±0 .002 0.242 ±  0.021
V bgd,pred 6.760 ±  1.999 5.140 ±  1.565 0.958 ±0 .374 0.388 ± 0 .144 0.274 ±0 .138
N data 6 2 2 2 0
ta in tie s  w ere ta k en  in to  account: lum inosity  (6.5% ), P D F  
u n c e r ta in ty  of th e  D Y  processes (3.6% ), an d  m uon tr ig ­
gering  an d  iden tifica tion  (5% ). T h e  sy stem atics , ad d ed  
in  q u a d ra tu re , are show n in T able I . T h e  sy stem a tic  
u n ce rta in tie s  on  th e  signal efficiencies arise from  lim ited  
M onte C arlo  s ta tis t ic s  (2% -  17%), je t-en e rg y  scale (3% -  
13%), m uon  trig g erin g  an d  iden tifica tion  (5% ), an d  P D F  
u n c e r ta in ty  (2 %).
No sign ifican t excess of d a ta  over back g ro u n d  w as ob­
served. U p p er lim its  on  th e  p ro d u c t o f cross section  tim es 
b ran ch in g  fraction , a  • ft2, were ca lcu la ted  as described  
in  reference [13], by  tre a tin g  th e  four signal b ins as in­
d iv idua l channels. T h e  likelihoods for th e  d ifferent b ins 
w ere com bined  w ith  co rre la tio n s of sy stem a tic  u n c e r ta in ­
ties ta k en  in to  accoun t. T h e  lim its  are ca lcu la ted  using 
th e  confidence level C L s  =  C L s + b / C L b  , w here C L s + b 
is th e  confidence level for th e  signal p lus back g ro u n d  hy­
p o th esis  an d  C L b  is th e  confidence level for th e  back­
g ro u n d  on ly  [13].
T h e  lim its  on  th e  cross section  tim es b ran ch in g  frac­
tio n  an d  th e  th e o re tic a l p red ic tio n s [14] are show n in  Fig. 
3 an d  T able II, as well as th e  average ex p ected  lim it as­
sum ing  th a t  no  signal is p resen t. D ue to  th e  la rg e r back­
ground , th e  co n trib u tio n  of b in  0  to  th e  lim it is re la tive ly  
sm all. T h is  exp lains w hy th e  average expected  lim it is 
b e t te r  th a n  th e  observed  lim it, a lth o u g h  th e  su m  of th e  
events in  all four b ins is co m p arab le  to  th e  b ackg round  
p red ic tion . T h e  m ass lim it is e x tra c te d  from  th e  in te rsec­
tio n  of th e  lower edge of th e  nex t-to -lead in g  o rd er (NLO) 
cross section  u n c e r ta in ty  b a n d  w ith  th e  observed  u p p e r 
b o u n d  on th e  cross section . T h e  u n c e r ta in ty  b a n d  reflects 
th e  P D F  u n c e r ta in ty  [15] as well as th e  v aria tio n  of th e  
fac to riza tio n  an d  ren o rm aliza tio n  scale betw een  m LQ2/ 2  
an d  2 m LQ2, ad d ed  in  q u a d ra tu re .
T h e  lower lim it on  th e  m ass of second  g en e ra tio n  
scala r lep to q u a rk s  w as d e te rm in ed  a t  th e  95% C.L. to  
be m LQ2 >  247 G eV  a n d  m LQ2 >  182 G eV  for ft = 1  an d  
ft =  1 /2 , respectively . T h e  average ex p ected  lim its  are 
m L T ted >  251 G eV  a n d  mLQ2Cted >  199 GeV. F ig u re  4
Scalar leptoquark mass mLQ [GeV]
FIG. 3: Observed (closed circles) and expected (open trian ­
gles) 95 % C.L. upper limit on production cross section times 
branching fraction for second generation scalar leptoquarks. 
The NLO theoretical predictions are also shown w ith error 
bands for ft =  1 and 1 / 2 .
shows th e  excluded  reg ion  in  th e  ft versus m L Q2 p a ra m ­
e te r  space.
T h e  D 0  R u n  I ana lysis  in  th e  yuj/uj channel h a d  no 
events a fte r all cu ts , w hile 0.7 ±  0.5 events w ere expected  
from  th e  backg round . A co m p lem en ta ry  R u n  I analysis 
in  th e  /u jv j channel y ie lded  no events for 0 .7  ±  0.9 events 
ex p ected  from  s ta n d a rd  m odel back g ro u n d  [3]. T aking 
in to  accoun t th e  sm alle r cross section  for th e  p ro d u c ­
tio n  of second  g en e ra tio n  sca la r le p to q u ark s  a t  th e  R u n  I 
cen ter-of-m ass energy  a/ s  =  1.8 TeV, these  ea rlie r resu lts  
have been  com bined  w ith  th e  R u n  II analysis p resen ted  in 
th is  L e tte r. T h e  resu lts  a re  sum m arized  in  T able II an d  
th e  excluded  p a ra m e te r  regions a re  show n in  F ig . 4 . T he 
com bined  lower lim it for scala r lep to q u a rk s  of th e  sec­
ond  g en e ra tio n  is m LQ2 >  251 G eV  ( m LQ2 >  204 GeV) 
for ft = 1  (ft =  1 /2 ). T hese resu lts  im prove on  prev ious 
m easu rem en ts  a t  th e  T eva tron  collider [3, 4] an d  are, for 
large ft, th e  m ost s tr in g e n t lim its  on  second  g en e ra tio n  
scala r lep to q u a rk s  from  d irec t m e asu rem en ts  to  d a te .
W e th a n k  th e  staffs a t  F erm ilab  an d  co llab o ra tin g  in-
7TABLE II: NLO cross sections for scalar leptoquark pair production in pp  collisions at =  1.96 TeV, expected and observed 
95% C.L. upper lim its on the cross section times branching fraction for the analysis described in this Letter, and observed upper 
limits for the R un I +  R un II combination. The cross sections shown are calculated using CTEQ6.1M  as PD F [15] and m LQ2 
as the factorization/renorm alization scale [14]. The uncertainties in the theoretical cross sections originate from a variation of 
the renorm alization and factorization scale between m LQ2/2  and 2mLQ2 and the PD F errors, added in quadrature.
mLQ2 Æ r y  [Pb] R un II lim its on a ß 2 [pb] R un I +  II limits
[GeV] ^Js =  1.96 TeV (expected) (observed) on a  ■ ß 2 [pb]
140 2.380±g;tü 0.130 0.181 0.144
160 1.080+0;200 0.075 0.131 0.104
180 0  525+0;111 ° . _ 096 0.063 0.105 0.083
2 0 0 0  268+a057 0.268-  0.049 0.057 0.081 0.064
2 2 0 0  141 + 0;0300  41- 0.025 0.049 0.066 0.052
240 0 076+a0170 .0 ‘6 -0;0i5 0.046 0.051 0.045
260 0.042+0.0090.042-0;008 0.043 0.047 0.042
280 0.023+0.0050.023-0;004 0.042 0.044 0.038
300 0  01 3+ 0;003 0 .0 1 3 - 0;002 0.040 0.042 0.037
FIG. 4: In the (m LQ2 ^ f ^ , ' ^ ? P g t?oqsUaerxkcllmfe!dSi[ Ge5/% 
C.L. by the DO R un I results, by this analysis, and by the 
com bination of the two.
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